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Abstract 

Inquiry Based Learning: 

A Modified Moore Method Approach 
To Encourage Student Research 

M. Padraig M. M. McLoughlin 
Department of Mathematics, 
Kutztown University of Pennsylvania 



The author of this paper submits that a mathematics student needs to learn to 
conjecture and prove or disprove said conjecture. Ergo, the purpose of the paper is 
to submit the thesis that learning requires doing; only through inquiry is learning 
achieved, and hence this paper proposes a programme of use of a modified Moore 
method (MMM) across the mathematics curriculum. The author of this paper 
has used the MMM in classes including an Introduction to Mathematics (general 
education liberal arts mathematics required as the minimum class that fulfils the 
mathematics requirement at Kutztown University of Pennsylvania (KUP)), Fun- 
damentals of Mathematics I & II courses (mathematics for elementary education 
majors), Calculus I, II, & III, Set Theory, Linear Algebra, Bridge to Higher Math- 
ematics, Probability and Statistics I & II, Real Analysis I & II, Topology, Senior 
Seminar, and Directed Reading. 

The author of this paper has taught for approximately twenty-five years, much 
of it at Morehouse College (MC) an historically black liberal arts institution, but 
now teaches at a comprehensive university in the Pennsylvania State System of 
Higher Education (PASSHE) where use of the MMM has been met with mixed 
reception by students and faculty. This paper discusses the techniques used to fa- 
cilitate learning and the successes or lack thereof of how the methods and materials 
in the courses taught established a meaningful inquiry-based learning environment, 
how the method assisted in forging some long-term undergraduate research, and 
encouraged some undergraduates to delve into research who might not have other- 
wise embarked on research. 

So, this paper proposes an approach to mathematics education that centres on 
exploration, discovery, conjecture, hypothesis, thesis, and synthesis such that the 
experience of doing a mathematical argument, creating a mathematical model, or 
synthesising ideas is reason enough for the exercise - - and the joy of mathematics is 
something that needs to be instilled and encouraged in students by having them do 
proofs, counterexamples, examples, (informal) arguments, and counter-arguments 
in any mathematics course. Thus, the MMM used by the author is wholly a deriv- 
ative of the Moore method and exists because of R. L. Moore, W. H. Mahavier, B. 
Fitzpatrick, M. Smith, C. Reed, D. Doyle, and other distinguished academics who 
instructed the author or the author’s professors. 
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I. Introduction 

It seems that it is generally accepted amongst those who subscribe to the Moore 
method, a modified Moore method (MMM), or another form of inquiry-based learn- 
ing (IBL) that mathematics is built on a foundation which includes axiomatics, in- 
tuitionism, formalism, Aristotelian logic, application, and fundamental set theory. 1 
The many branches of mathematics are not mutually exclusive. Oft times applied 
projects raise questions that form the basis for theory and result in a need for 
proof. Other times theory develops and later applications are formed or discovered 
for the theory. Hence, mathematical education should be centred on encouraging 
students to think for themselves : to conjecture, to analyze, to argue, to critique, to 
prove or disprove, and to know when an argument is valid or invalid. Perhaps the 
unique component of mathematics which sets it apart from other disciplines in the 
academy is proof - - the demand for succinct argument from a logical foundation 
for the veracity of a claim. 

Proof plays a central role in the inquiry-based learning environment that is cre- 
ated in the author’s MMM classes. The author submits that students must be 
active — not passive in learning; thus, the student must learn to conjecture and 
prove or disprove said conjecture. Ergo, the author of this paper submits the thesis 
that learning requires doing - - not witnessing ; only through inquiry is learning 
achieved; and, hence this paper proposes that the experience of creating a math- 
ematical argument is a core reason for any students’ work in a mathematics class 
and should be advanced above the goal of generating a ’polished’ proof, ’elegant’ 
argument, etc.. 

Much mathematics education research suggests inquiry based learning is more 
effective, more engaging, and produces students who are enthusiastic learners. How- 
ever, there are more practiconers of the ’I’ll crack your head open and pour in the 
knowledge’ in the academy who create a teacher-centered class than practiconers 
of inquiry-based learning. It may be the case that it is easier to lecture than to 
engage students by creating a student-centered class, because one might believe 
in student-centered learning but has succumbed to the educational establishment’s 
dictates of doing more with less and packing students into classrooms like sardines, 
or because many people misunderstand what the Moore method, a modified Moore 
method, or inquiry-based learning is. 

This paper outlines a programme of use of a modified Moore method (MMM) 
for use across the mathematics curriculum. The author of this paper has taught 
for approximately twenty-five years and has recently relocated to a comprehensive 
university in the Pennsylvania State System of Higher Education (PASSHE) where 
use of the MMM has been met with mixed reception by students and faculty. At 
Kutztown University of Pennsylvania (KUP) the author has been party to some 
successes and, unfortunately, some failures. He has written about such ideas for a 
number of years [27, 28, 29, 30, 31, 32] and is interested in mathematics curricular 
matters as well as methods of teaching mathematics. 

This paper discusses the techniques used to facilitate learning and the successes 
or lack thereof of how the methods and materials in the courses taught established a 
meaningful inquiry-based learning environment, how the method assisted in forging 
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I could be wrong on this point; but, I am going to assume such for the sake of argument. 
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some long-term undergraduate research, and encouraged some undergraduates to 
delve into research who might not have otherwise embarked on research. 

So, this paper proposes a pedagogical approach to mathematics education that 
centres on exploration, discovery, conjecture, hypothesis, thesis, and synthesis such 
that the experience of doing a mathematical argument, creating a mathematical 
model, or synthesising ideas is reason enough for the exercise - - and the joy of 
mathematics is something that needs to be instilled and encouraged in students 
by having them do proofs, counterexamples, examples, and counter-arguments in 
any mathematics course. Thus, the MMM used by the author is wholly a deriva- 
tive of the Moore method and exists because of R. L. Moore, W. H. Mahavier, B. 
Fitzpatrick, M. Smith, D. Doyle, C. Reed, and other distinguished academics who 
instructed the author or the author’s professors. 

A course should be designed such that the instructor guides students through 
a carefully crafted set of notes that is pertinent to the syllabus (especially for a 
course that is multi-section so studentent in the MMM class do not ’fall behind’ if 
the subsequent course is taught in a non-IBL manner) and allows the students build 
on material they create, discover, or construct. The material can then expand such 
that more and more complex ideas can be introduced or proposed. Further, the 
instructor ought constantly monitor the progress of individual students and adjust 
the notes or offer ’’hints,” where appropriate so as to encourage inquiry and further 
study. 

Use of the Moore method, a modified Moore method (MMM), or another form 
of inquiry based learning (IBL) cannot be undertaken or adopted as one changes 
shirts or ties dependent upon a whim, a mood of the day, or social convention - - one 
must agree with a philosophical position that humans have a natural inquisitive- 
ness - - we must be active in order to learn and we must be engaged when learning. 
Adoption of said philosophy is not enough - - it must be practiced - - hence, the 
author submits that for an instructor to assist the student, the instructor himself 
must be an active learner. 

In order to assist a student in building a belief in his ability to do basic mathe- 
matical research that might develop into something even greater than the project 
he might be engaged in at the time; there must already be in the instructor a belief 
in himself that he can learn through doing. Hence, having been a student in a class 
or classes that have been taught under the aegis of the Moore method or a modified 
Moore method seems to be pre-requisite to teaching in such a manner. 

The MMM the author has used has at times been successful and other times 
(truthfully) not very successful but has resulted in producing more than a few 
seemingly successful students from the freshman to master’s graduate level; but, it 
cannot be repeated enough that both the student and instructor must do research 
in the manner of Moore. The instructor doing research in the manner of Moore 
refines and enhances his abilities to do basic research which is critical for assisting 
a student doing research (how can one advise doing research lead when one cannot 
do research?) to the development of a student’s understanding of mathematics. 

Furthermore, for a student to truly understand a concept, he needs to contem- 
plate the ideas within and about the concept; therefore, he needs to struggle with 
the problem and not be interfered with (or perhaps minimally interfered with [per 
the idea of ’hints’]). Thus, the student struggles with concepts perhaps much as 
the concepts were originally wrestled with by the originators of ideas. The author 
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opines that it is more organic and naturalistic to leave the student free to work on 
creating a proof or counter-example and not be concerned with pace or how long a 
student takes to grasp a concept or produce a proof or counter-example; however, 
such is ideal but not practical. So, because of the constraints placed on instructor 
and student by academic ’standards’ and curriculum at many (or most) universities 
a process (the MMM) is created to support the students in inquiry and assist in 
focusing or directing the inquiry . 2 

Therefore, those who subscribe to the Moore method, a modified Moore method 
(MMM), or another form of inquiry-based learning (IBL) should consider the iden- 
tification of ’promising’ students early in the mathematics programme to be a goal 
of his profession. By identify a ’promising’ student or students, the instructor can 
then lead the student toward some interesting problems or areas of mathematics 
that are not a part of a ’standard’ course which allows the student to be ’freed up’ 
to do real mathematics. 



2 This is not to say that the instructor does not allow for students to follow to ’dead ends’ or 

for students to make mistakes the author has found that many a ’dead end’ has made it easier 

for him to comprehend, discover, or grasp an idea better than if the mistake had not been made. 
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II. An Instructor Who Employs a Modified Moore Method 

It is assumed that justification for use of a modified Moore approach is not nec- 
essary for this paper given the audience to which it is presented. Nonetheless, there 
seems to be some sort of ’basic profile’ that an adherent of the Moore method, of 
a modified Moore method (MMM), or of another type of inquiry-based learning 
(IBL) method fulfils. There are variations and deviation from the basic profile; 
but, the author opines that there are some constants. 

It seems to the author that many if not most instructors who employ a teaching 
methodology that is inquiry-based are they themselves extremely curious and enjoy 
learning. Further, it has been the experience of the author that instructors using a 
MMM are by-and-large willing to point out mistakes (made by one’s self most of- 
ten). Thus, there seems to be more than a bit of self-critiquing as well as critiquing 
of others. There also seems to be an internal drive within the individual to succeed, 
little patience for failure within one’s self, perseverance, and a passion to ’get it 
right.’ It may not be as common, but amongst the instructors that the author 
had who used the Moore method, there was a healthy dose of humour employed 
by the instructors and a willingness to accept that the students did not always 
perform ’perfectly’ (meaning there were days when students had little to nothing 
to present). 

All of the aforementioned aspects are incorporated within the author’s modified 
Moore method: an internal drive within the individual to succeed, little patience 
for failure within one’s self, perseverance, a passion to ’get it right,’ self-deprecating 
humour, and a willingness to accept that students don’t always work ’optimally.’ 
Further, a basic tenet of the modified Moore method (MMM) employed by the 
author is ‘if it works, then use it,’ to paraphrase William James. The author opines 
that as an instructor, he must enter into the classroom without much ‘baggage’ - 
- that is to say he should be pragmatic, realistic, open to changes, revisions, and 
constantly assess whether or not the students are learning. If they are not, then 
some material might need to be revisited or questions asked that focus the students’ 
attention on concepts that might not be understood as well as need be for later 
material. Likewise, if students are ’having a bad couple of days’ then the author 
attempts to allow for such and tries to encourage the students by noting his edu- 
cational vicissitudes; moving off subject and chatting about how to learn, why we 
study, etc.; or, provoking discussion about some of the concepts that the students 
are struggling with and providing encouragement to the students. 




5 



III. The Author’s Modified Moore Method 

In this section, a description of the MMM employed by the author is outlined; 
then, it is compared & contrasted with what he understands is the Moore method. 
The author’s MMM is necessarily derived from the Moore method: the author 
agrees with most of Moore’s philosophy of education but relaxes several aspects of 
the Moore method. Moore’s philosophy of education stated that a person learns 
best alone - without help or interference from others. The author’s modified Moore 
philosophy of education states that a person learns best and most completely alone; 
but , sometimes needs a bit of help, encouragement, or reinforcement. 

The author has found that what fundamentally drove him toward use of his 
MMM was that he learnt best under the Moore method (out of all the methods he 
was privy to be exposed to whilst an student (both undergraduate and graduate) 
and that he could learn under other methods but with diminished results. Two of 
the primary reasons for the diminishment of results were his laziness and ability 
to memorise. The Moore method or modified Moore method does not seemingly 
reward superficiality or non-contextual rote memorisation. 

At Emory University, his Algebra instructor used the Moore method and his 
Analysis instructor a traditional method. In the Algebra class the author was en- 
raptured by the material and found himself driven to try to do every exercise, ex- 
ample, proof, counter- argument, or counterexample. The author memorised proofs 
in Analysis and regurgitated them back on tests (one recalled with great ease is the 
proof that y/2 is irrational). At Auburn University, the exact opposite was true: 
his Analysis instructor used the Moore method and his Algebra instructor a tra- 
ditional method. The author memorised proofs in Algebra and regurgitated them 
back on tests; whilst thriving in the Analysis class. It is not a contention forwarded 
by the author that traditionalism caused his lack of understanding of material but 
that because it was easy for the author to memorise arguments presented by the in- 
structor, cram before tests, and take ’short cuts;’ but, that the Moore method does 
not reward such study habits (e.g.: it is harder to fall into the ’the long memory 
& short on understanding trap’ in a class organised under the aegis of the Moore 
method or a modified Moore method). 

The Moore method assumes the student has a natural inquisitiveness, he must 
be active in learning, and as a consequent self-confidence and self-directedness is 
established and builds within the individual. 3 

Nonetheless, the student is not always going to perform at peak efficiency and 
will, on occasion, ’having a bad day’ given the constraints of human nature and 
the diversions of modern society. Therefore, the MMM employed by the author 
assumes there is a natural inquisitiveness in all humans; but, it is vicissitudinal so 
therefore intermittently reaches an apex or a nadir much like a sine wave where 
/ : [0, oo) — » R 9 /(^m) = a • sin(b ■ tM ) a tM > 0, a, 6, A£m £ R and tM is 
some measure of time. Therefore, a student sometimes needs a bit of help, encour- 
agement, or reinforcement (an intellectual ’push’). The help, encouragement, or 
reinforcement should not give solutions to a student; but, should be operationalised 
by asking a sequence of directed questions that the instructor ’knows’ is (perhaps) 

3 See Davis, pages 17, 78, and 173; D. R. Forbes, The Texas System: R. L. Moore’s Original 
Edition Ph.D. dissertation (Madison, WI: University of Wisconsin, 1971), page 181; Traylor, page 
13; and, Whyburn, page 354. 
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a path toward an argument for or against a proposition. It is best if the instructor 
tries to put himself in the place of the student and imagine that he does not know 
the solution 4 

Class meetings commence with student presentations and those presentation take 
usually between one-half and two-thirds of the period whilst the rest of the time 
the instructor introduces new definitions, methods to prove or disprove claims, and 
new terminology, notation, etc. Students are encouraged to take more responsi- 
bility for their education and regard the instructor less as a teacher and more as 
a conductor. Nonetheless, it must be noted that some days there are no student 
presentations; so, the instructor must be prepared to lead a class in a discussion 
over some aspects of the material or be prepared to ask a series of questions that 
motivates the students to conjecture, hypothesise, and outline arguments that can 
later be rendered rigorous. In lower-level courses, if presentations are not forthcom- 
ing or time is not exhausted before presentations are, then sometimes students are 
presented with concepts or ideas they critique (faulty arguments, somewhat correct 
arguments (maybe missing a justification or two), faulty ’counterexamples,’ correct 
counterexamples, etc.) In post-Calculus classes if presentations are not forthcoming 
or time is not exhausted before presentations are, then sometimes students are pre- 
sented with claims and proposed proofs and counterexamples which they critique 
(faulty ’proofs,’ correct proofs, faulty ’counterexamples,’ correct counterexamples, 
etc.) The author tries to keep in the back of his mind at least a few such claims to 
’run up the flag-pole and see who salutes it.’ 

The Moore method demands that the student not reference any texts, articles, or 
other materials pertaining to the course save the notes distributed by the instructor 
and the notes the individual takes during class. Not every student is as mature and 
dedicated as to be able to follow such a regulation especially in an undergraduate 
setting. Thus, books are not banished in the classroom of our MMM. The class has 
a ’required’ text that the author opines is fine for definitions and trite examples 
but is less than compleat or rigourous in its exposition or examples . 5 The author 
opines that such a text is best so that it does not give to or impose upon the stu- 
dent too much . 6 This philosophy of education does not seek maximal coverage of 
a set amount of material, but standard competency with some depth and some 
breathe of understanding of material under consideration. 

The Moore method demands that the students not collaborate. Moore stated 
this position clearly: 

I don’t want any teamwork. Suppose some student goes to the board. Some 
other student starts to make suggestions. Suppose some how or another a 
discussion begins to start. One person suggests something, then another suggests 
something else. . . after all this discussion suppose somebody finally gets a 



4 This is easy for a person such as the author who readily forgets much and oft remembers little 
(like me). 

^Indeed, I purposely try to adopt a book that is not ’great’ so that students are not presented 
with an opportunity to just copy from a text. It should be noted that over the past decade or so, 
I have noticed students referencing the book less and less (I have wondered if they use it at all, 
save for exercises in certain classes such as Calculus). 

^Indeed, the student is allowed to use as many books as he opines is necessary to understand 
the material. This has not been a problem, frankly, because the mathematics collection in the 
library at Morehouse College was and at Kutztown University of Pennsylvania is [fortunately] 
lacking. 




